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Abstract 
In order to be competitive and to offer distinguishable products which delight customers, companies have to tailor 
their products to the exact needs and specifications of their customers. At the same time, companies have less time to 
develop new products or make changes to existing products, due to an overall shortening of product lifecycles and 
increasing market related cost pressure. Because of this lack of resources in product development, products are often 
not validated against the real customer impression until they reach the market. In consequence, companies risk non-
acceptance of their products by the customer. Additional changes in product specifications might come too late and 
not make up for the lost trust of the customers in the company’s products.  
To overcome this challenge, companies have to improve the product validation process, i.e. validate more quickly and 
earlier. A self-optimizing validation system could present a possible improvement in this regard. Using this efficient 
system, the validation could take place before the product is delivered to the market. In addition, the information from 
product validations would automatically be prepared and directed to the product development or the production 
process, to enable changes within the product specifications, without necessary interpretations of the validation. 
The paper gives answer to the question, how validation can be improved regarding efficiency and objectivity. To do 
so, the concept of a self-optimizing validation system using tactile sensors is presented, which can be used to validate 
the haptic product perception of customers. To display the relevant functions of this system and the necessary 
interfaces to the linked processes, a Viable Systems Model of the technical system is used to demonstrate this concept. 
The results implicate the applicability of the Viable Systems Model on technical systems and represent a contribution 
to the research towards a self-optimizing production system.  
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1. Introduction 
1.1. Dimensions of product quality 
Nowadays manufacturing companies from high-wage 
countries are facing different challenges when trying to 
maintain their market shares and profitability in 
consumer driven markets such as automotive and 
consumer electronics [1]. The high functional quality of 
their products has long been a unique selling point which 
justified higher prices. As technology and process know-
how rises in companies from low-wage countries, 
customers are offered low priced product alternatives 
similar in terms of their functional quality. Instead of 
just comparing elements of functional quality of 
different products, customers are increasingly looking 
for alternative, emotional quality cues when choosing 
[2]. A major element within this emotional quality is its 
Perceived Quality [3]. In order to continually distinguish 
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their products, OEMs (original equipment 
manufacturers) from high-wage countries have to 
develop highly individualized products meeting not only 
the requirements regarding functional, but also 
emotional, and the before mentioned Perceived Quality 
[4], [5], whereas only Perceived Haptic Quality will be 
considered within this paper.  
In addition to fulfilling the requirements mentioned 
above, the product development process has to be highly 
efficient, as product costs still have to be nearly equal to 
those coming from mass-production, due to the high 
availability of goods and volatility of customer 
requirements [6]. In the following section, the paper will 
show that validation of products is an aspect which has 
to be optimized, to make sure conformance of products 
with the customer can be assured even when available 
resources for product development are declining. 
2. Validation as a major task within the product 
development process 
2.1. Current approaches at validation in product 
development 
In order to develop successful products, customer 
requirements have to be identified and quantified, 
correctly transformed into product specifications and the 
conformance of the product to the customer 
requirements has to be evaluated within the process of 
product development [7]. Literature holds different 
product development approaches which specify the 
execution of these tasks and seek to solve the trilemma 
of costs, quality and time (see e.g. [8], [9]). 
However one similarity between these approaches is, 
that the development process advances iteratively. These 
iterations consist of the development of a solution, the 
analysis of the solution and the deduction of new targets 
for the next iteration. Within every iteration, decisions 
have to be made on how to proceed, often with 
incomplete information. Important decisions are 
especially those about which concept of the product or 
parts of the product are followed and which are 
discarded. The desired result of each decision is to 
choose the concept, which most effectively and 
efficiently fulfills the customers’ requirements. [9] 
To make this choice, ideally, the concepts are 
compared and validated using the future customer’s 
impression. The term validation origins in social 
sciences, where it means testing whether a certain 
method delivers the results it was intended to. 
Transferred to technical products, validation means 
seeking the answer to the question “Is the right product 
being developed”. [8] 
Thus, validation comprises an evaluation of the 
degree, to which customer requirements are met within a 
concept. Ulrich states that evaluation of concepts should 
involve the customer. According to Ulrich, procedures 
for validation include phone, mail, internet or face to 
face surveys, where the concept as a virtual or physical 
model is presented to representative customers and they 
are asked to evaluate it. [7] To demonstrate the currently 
used approach to validate on the example of Perceived 
Quality in product development, the process is 
visualized as a control loop in Fig 1. 
 
Fig 1: Generic design iteration loop using studies and surveys to 
validate design concepts or prototypes 
2.2. Challenges arising from current approaches of 
validation in product development 
Due to the high costs related to surveys or extensive 
interviews and the problematic interpretation of the 
results, testing of concepts using customers, i.e. 
validation is often not performed adequately, or not 
performed at all [9]. However, by not validating their 
concepts within product development, companies risk 
non-conformance of the finished product with the 
customer’s requirements and thus, non-acceptance by 
the customer [10]. 
Instead of validating the product using the customer 
impression, it is common to leave validation to a team of 
company employees [7]. This procedure carries a high 
risk, as the evaluation of the employees can be biased 
[11]. However, even if validation is performed by the 
customer using methods such as survey or studies, the 
effectiveness of the validation depends on the designer’s 
ability to derive targets for the product specification 
from the subjective evaluations of the customers. 
To enable companies to use regular validations 
regarding the Perceived Haptic Quality of their products 
throughout development in order to ensure conformance 
of the developed product, a more time- and cost-efficient 
validation procedure has to be elaborated. At the same 
time, this new procedure has to produce results which 
reflect the actual Perceived Haptic Quality and allow an 
objective conclusion regarding optimized specification 
of the product concept/design. Consequently, the 
underlying research question guiding this paper is: 
How can validation of Perceived Haptic Quality 
within product development be made more efficient 
and objective? 
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In this regard, the paper will first describe the general 
idea underlying the new validation approach and the 
dynamic requirements of its environment. Consequently, 
a Viable Systems Model of the solution will be 
presented, which explains how the system will cope with 
these dynamics. At last, a self-optimization process will 
briefly be explained, which enables the system to stay 
relevant through changing customer preferences.  
3. Validating Perceived Haptic Quality by modelling 
haptic product attributes using measurements 
Perceived Haptic Quality of a product can be broken 
down into different so called descriptors, i.e. parameters, 
which influence its characteristic [12]. Falk et al. have 
demonstrated, that these descriptors (perceived hardness, 
slipperiness, naturalness, quality impression) are 
correlated to technical parameters of the surface 
(measured hardness, roughness, resistance, etc.). Their 
results imply, that it should be possible to create a 
mathematical model, which links measurable parameters 
to the characteristics of descriptors [13]. The new 
approach will be a technical system, which will use such 
a model, to estimate Perceived Haptic Quality of a 
product concept by using a sensor to measure technical 
parameters of its surfaces. To create this model, the 
descriptors of different surfaces have to be referenced 
first, using extensive customer studies (an example for 
this referencing process can be found in [14]). The 
model is then established, by measuring the technical 
parameters of the referenced surfaces, and identifying 
the correlation between the measurements and the 
characteristics of descriptors. If a new product concept is 
examined using the system, the result will be a 
quantitative evaluation of the characteristic of each 
descriptor, e.g. hardness ranging on a scale from 0 
(perceived as extremely soft) to 100 (perceived as 
extremely hard). The validation then can be made, if the 
customer requirements regarding the Haptic of the 
Product (e.g. the handle of the screwdriver should have a 
soft surface) have been correctly recorded at the 
beginning of the development project. 
Since no two product development projects are equal, 
the validation system has to work within a dynamic 
environment. Different products and different target 
groups require individual changes to the validation 
procedure. To demonstrate how the system is enabled to 
cope with these dynamics, it has been modeled as a 
Viable Systems Model. This model demonstrates the 
specifications of the system and how it works. 
3.1. Necessary systems within the VSM 
The VSM is a cybernetic model and it describes the 
adaption of systems to constantly changing 
environments and how the system can be controlled and 
managed, in order to stay effective (viable) within these 
conditions. The VSM has been used in several cases to 
design social and socio-technical systems such as 
enterprises, organizations or even governmental 
structures. [15], [16], [17] However, the presented paper 
will demonstrate, that the VSM is as well applicable and 
useful to model technical systems. The VSM postulates, 
that a viable system organizes itself by acquiring and 
using external and internal information. In order for the 
system to stay viable, i.e. being able to continually fulfil 
the tasks in a changing environment, according to Beer, 
it has to contain five sub-systems. Since the VSM is a 
recursive model these sub-systems are called systems 
themselves and mostly can be modelled as individual 
VSMs. An interpretation of these five systems based on 
[18] is visualized in Fig 2 and used to explain the tasks 
of the individual systems. 
 
Fig 2: Basic systems of the Viable Systems Model [18]  
 
3.2. VSM of the validation system 
A viable system contains operating units (system 1), 
which carry out specific tasks. Within the validation 
system, a finger like sensor (e.g. as presented in [19]) 
will be used to examine properties of surfaces. In 
comparison to conventional measurement systems for 
roughness or hardness measurement, this procedure 
offers the advantage, that it allows to mimic the human 
validation procedure. Furthermore, it is not confined to 
examine small samples but can be used for prototypes of 
every form or size. As the most important descriptors of 
Perceived Haptic Quality are roughness, hardness, 
perceived temperature and slipperiness ([13], [19], [20]), 
the validation system will first focus to estimate these 
descriptors. To conclude these descriptors, the sensor 
has to be able to measure vibrations, lateral skin 
displacement, tangential force, pressure and the change 
of temperature during exploration. To deduce the 
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necessary accuracy of the sensor, resolution of human 
perception can be used as a reference (see Table 1, [21], 
[22], [23]). 
 
Table 1: Sensitivities of human perception modalities for surface 
evaluation, [21], [22], [23] 
Perception modality Sensitivity 
Microvibration 0,00008 mm Amplitude / 
100 Hz Frequency 
Lateral displacement 0,1 mm 
Tangential force 0,01 N 
Pressure 0,2 g/mm² 
Temperature change 0,001 K/s 
 
Like human haptic perception, the measurements 
made by human-like sensors depend on characteristics of 
the measurement procedure (movement characteristics 
and orientation of the sensor to the surface) . In addition 
the validation procedure has to be applicable on products 
of different form and size. To allow the system this 
flexibility, the sensor will be mounted to an industrial 
six-axis robot (system 1). 
Similar to movement characteristic, the haptic 
perception of humans and the measurements of the 
sensor are connected to the tangential force, which is 
applied to the explored surface [24]. Therefore, the 
system has to incorporate a process control mechanism 
which controls the movement with respect to the 
tangential force (system 3 within the VSM). To enable 
the system to do so, the current force data has to be 
transmitted to the control procedure via a real-time bus 
(system 2). In addition, the system has to contain 
operating limits, which directly trigger an emergency 
stop of the procedure, e.g. if the current path is blocked 
or the evaluated force is too high (command channel to 
system 3). 
Usual forces and movement characteristics, applied 
by humans during haptic exploration represent the 
requirements to the system in these regards (see Table 2 
and [13]).  
 
Table 2: Operation ranges of the necessary control mechanisms of the 
validation system, Source: [13] 
Control modality Operation range 
Force 0,3-20 N 
Speed 17,5-180 mm/s 
To estimate the Perceived Haptic Quality, a software 
program is created (system 1), which receives the 
currently measured signals by the sensor from the 
process control (system 3) and delivers them back to the 
process control via system 2, to enable the process 
control to track the current progress of validation. If a 
critical level of estimated Perceived Haptic Quality is 
reached, the data is directly escalated to the externally 
connected system (system 4), to trigger re-evaluation of 
the design by the development team. 
System 4 within the validation system will be an 
application similar to a Manufacturing Execution System 
(MES) for production control. The application will be 
fed relevant parameters from the enterprise planning 
level such as the desired extent of validation (regarding 
descriptors to be validated). System 4 should also be able 
to incorporate additional factors in the planning, which 
require differences in the validation procedure. For 
example, if the target group of the product concept to be 
validated is mainly female, the system has to define a 
lower force for the exploration procedure. In addition to 
these tasks, system 4 compiles the results of the 
validation from system 3, from where they can be 
accessed.  
The planning system and the control system have to 
have access to a database, which contains available 
procedures for the estimation of different descriptors and 
limitations of the system, e.g. the maximum force which 
the sensor can endure, and thus comprises system 5. 
Every descriptor will be related to a specific 
measurement procedure. For example, to estimate the 
perceived hardness, the procedure will be an incremental 
movement of the sensor tangential to the surface. The 
procedures have to be referenced, similar to the 
referencing of the mathematical model, before the 
system can be used. The specification of the validation 
system, as it was presented in this chapter is displayed 
within the VSM in Fig 3. 
 
 
By incorporating the presented systems, the validation 
system is able to fulfil its task, i.e. validate the Perceived 
Haptic Quality of product concepts, for changing 
requirements and validation objects. As stated, system 4 
of the concept should be able to determine the validation 
procedure. In the following section it will be explained, 
how the planning mechanism can be realized. 
Fig 3: VSM of the validation system containing system specifications 
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4. Creating individual validation programs using a 
self-optimizing planning process 
The validation system has the external objective of 
delivering an estimation for Perceived Haptic Quality 
which is in high accordance to the actual Perceived 
Haptic Quality by the customer, i.e. relevant regarding 
the determined customer requirements regarding the 
haptic descriptors. The validation system has to be able 
to derive a plan based on the changing demands 
regarding the validation procedure. To allow a system to 
adapt its own behavior to its current situation, self-
optimizing processes have proven to be useful (see e.g. 
[1]). 
In addition to the external objective of delivering an 
estimation of High Perceived Quality, which is relevant 
to the customer requirements, the validation systems 
internal task is to decide which validation procedures 
have to be used and how the procedure is specified 
(movement speed, location and force used). The self-
optimization process adjusts these objectives and 
consists of three not necessarily sequential tasks, which 
are required for each self-optimizing process [25]: 
a) Analysis of current situation 
The current situation describes the state of the system 
itself and all the observations made regarding its 
environment. The analysis of the current situation 
records the specifications for the validation procedure 
made by the user. Relevant inputs are which descriptors 
should be validated at which locations of the product 
given within a CAD-model of the object. 
b) Determination of objectives 
Determination of objectives means that the system 
can adapt its target vector by choosing active objectives 
from a given set, adjusting active objects or generating 
new ones. Depending on the inputs made by the user, the 
planning system (system 4) will choose the procedures, 
necessary to estimate the chosen descriptors from the 
database (system 5). 
c) Adaption of system behavior 
The adaption of the system behavior includes the 
adaption of parameters, structure or behavior of the 
system. The individual procedures will be integrated into 
a single program for validation. Depending on the 
locations given by the user, the system will try to 
minimize the movements necessary to execute all 
procedures and if multiple descriptors are requested at 
the same location, the planning system will try to 
combine the necessary measurement procedures. To 
execute this, the system will use the CAD-model of the 
object to be validated. The complete plan will be visible 
in CAD to the user, who can approve or readjust the 
plan. To execute it, the user has to place the object in 
front of the validation system and teach the locations, 
specified before, on the real object. The system will then 
use these points as a reference to estimate, how the 
object is placed in space and execute the validation 
program. 
5. Discussion 
It was shown, that validation of Perceived Quality 
during product development should be used to ensure 
conformance of the product to the customer 
requirements. However it was also shown, that current 
use of validation in product development is still limited, 
mainly due to the long time needed for validation and 
the subjective results. To make validation more efficient, 
a validation system is proposed, which uses a referenced 
mathematical model to estimate the Perceived Haptic 
Quality of product concepts and thus present a more 
efficient and objective validation procedure. To show, 
that the system can cope with the dynamic of varying 
product forms and sizes as well as the extent of its tasks, 
a Viable Systems Model was used to visualize the 
individual components of the system. In addition, a self-
optimization process was deduced, which allows to 
adapt a plan for the validation procedure depending on 
the inputs made by the user. Through the presented 
work, it was shown that the Viable Systems Model can 
be used, to demonstrate how technical systems can cope 
with their dynamic environments. Furthermore, the 
Viable Systems Model was useful in deriving necessary 
system components and specifications and can be used 
in further research towards the realization of the 
proposed validation system.  
6. Conclusion 
Following the conception of the system and the 
deduction of specifications, the next step will be setting 
up a test case for the validation system and examining 
the results of this test case. It will be necessary to 
examine, to which degree correlations can be made 
using the chosen approach of a tactile sensor and 
referenced surfaces. Furthermore, it has to be elaborated, 
how the system can be enabled to choose its modality 
based on given target parameters and the importance of 
each descriptor and how the self-optimization process 
for the alteration of the importance can be realized. 
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